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SEMICONDUCTOR COMPONENT WITH A
STRUCTURE FOR AVOIDING
PARALLEL-PATH CURRENTS AND
METHOD FOR FABRICATING A
SEMICONDUCTOR COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of copending Interna-

fional Application No. PCT/DE99/00214, filed Jan. 27,
1999, which designated the United States.

BACKGROUND OF THE INVENTION

Field of the Invention

The present 1nvention relates to a semiconductor compo-
nent having a substrate of a first conductivity type with a
surface at which a plurality of separate wells of a second
conductivity type with a more highly doped edge layer of the
second conductivity type are disposed and 1solated from one
another by pn junctions. The invention also relates to a
method for fabricating a semiconductor component.

In integrated power switches produced 1n a plurality of
wells 1n the surface of a semiconductor, operating states
frequently occur 1n which a potential of a drain electrode of
a DMOS transistor becomes negative relative to a substrate
potential. In that case, minority carriers (electrons) are
injected into the p~-doped substrate from at least one of the
wells. Due to the very high carrier lifetime in the substrate,
the range of those minority carriers is very high (a few mm).
Each further n-type well situated in the crystal acts as a
collector or as a drain for those minority carriers. The
functioning of the components (pMOS, nMOS, PNPs,
NPNs, etc.) situated in the further n-type wells 1s impaired
by those parasitic currents, which can lead to a functional
failure of the circuit. The injecting well (emitter), the sub-
strate (base) and each further well (collector) thus form an
NPN transistor. The current flowing through that NPN
transistor 1s called “parallel-path current” or “cross current”.

German Published, Non-Prosecuted Patent Application
DE 44 11 869 Al, corresponding to U.S. Pat. No. 5,719,431,
describes a structure i which the parallel-path current is
suppressed through the use of two measures. The first
measure resides 1n placing extraction rings around the
injecting component, or the component forming the emitter,
and connecting them to the source connection of the DMOS
transistor. The second measure resides 1n using a p™—p~ -type
substrate. The extraction rings act as a collector, so that the
further wells are practically no longer able to take up a
parallel-path current. As a result of the doping gradient
between the p*-type region and the p~-type region in the
substrate, a drift field 1s built up which prevents the injection
of the minority carriers into the substrate.

Although that structure has proved to be effective for
suppressing parallel-path currents, 1t does have two not
inconsiderable disadvantages. Firstly, the required p™-type
or pT-p_-type substrate 1s more expensive than the p~-type
substrate that 1s used as a standard substrate. Secondly, an
existing circuit layout cannot be made parallel-path current
prool without far-reaching corrections to the layout: it 1s
necessary to provide the extraction rings. Finally, the extrac-
fion rings mean that a larger chip area 1s required, all the
more so since 1t 1s necessary to dissipate comparatively large
currents which may become greater than the rated current of
the component and may be as much as 10 A.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
semiconductor component with a structure for avoiding
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parallel-path currents, m which mdividual wells 1n the
component are not influenced by minority carriers injected
into a substrate, as well as a method for fabricating a
semiconductor component, which overcome the
hereinatore-mentioned disadvantages of the heretofore-
known devices and methods of this general type.

With the foregoing and other objects m view there 1s
provided, in accordance with the invention, a sesmiconductor
component, comprising a substrate having a first conductiv-
ity type and a surface; a plurality of separate wells of a
second conductivity type with a more highly doped edge
layer of the second conductivity type disposed at the surface
of the substrate and 1solated from one other by pn junctions;
and an 1sulating well of the first conductivity type com-
pletely surrounding at least one of the separate wells and
having a higher doping than the substrate.

The 1nvention prevents minority carriers situated in the
substrate from penetrating into the wells 1n large numbers, or
prevents minority carriers from reaching the substrate at all
from the wells and, consequently, parallel-path currents
from being able to arise.

In this case, the wells surrounded by an insulating well
may be mner wells that inject minority carriers or wells that
take up minority carriers. By virtue of the fact that the
doping of the insulating well 1s higher than that of the
substrate, an opposing field builds up between the substrate
and the substrate supplementary layer and prevents the

minority carriers from penetrating further into the msulating
well.

In accordance with another feature of the invention, the
insulating well includes a substrate supplementary layer. on
the substrate and a side wall between the substrate supple-
mentary layer and the surface of the semiconductor.

In both embodiments, the well 1s “hermetically” shielded
by the mnsulating well with the substrate supplementary layer
and the side wall of the respective first conductivity type 1n
the semiconductor against the rest of the semiconductor. In
other words, 1n particular, 1t 1s shielded against the remain-
ing wells 1n the semiconductor, with the result that parallel-
path currents can no longer 1ssue from the shielded well or
can no longer reach the latter.

In accordance with a further feature of the mnvention, there
1s provided a spacer layer of the first conductivity type
between the substrate supplementary layer and the edge
layer. The spacer layer 1s more weakly doped than the
substrate supplementary layer or the side wall, thereby
ensuring the dielectric strength of the component. In this
case, the spacer layer may include two or more partial layers,
with the result that the dielectric strength can be set depend-
ing on the number of partial layers.

With the objects of the invention 1n view there 1s also
provided a method for fabricating a semiconductor
component, which comprises providing a substrate having a
first conductivity type and a surface of the component on the
substrate; producing a plurality of separate wells at the
surface of the substrate, the separate wells having a second
conductivity type and a more highly doped edge layer of the
second conductivity type; producing connection and control
clectrodes 1n the separate wells for fabricating component
structures; and producing an insulating well around at least
one of the separate wells, the insulating well having the first
conductivity type and a doping higher than the substrate.

In accordance with another mode of the invention, 1n
order to produce the 1nsulating well, a substrate supplemen-
tary layer 1s produced on the substrate and a vertical side
wall contiguous with the substrate supplementary layer 1s
produced between the wells.
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In accordance with a concomitant mode of the invention,
a spacer layer of the first conductivity type 1s produced
between the 1nsulating well and the edge layer and 1s more
weakly doped than the msulating well.

Other features which are considered as characteristic for
the 1nvention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n a semiconductor component with a structure
for avoiding parallel-path currents and a method for fabri-
cating a semiconductor component, it 1s nevertheless not
mntended to be limited to the details shown, since various
modifications and structural changes may be made therein
without departing from the spirit of the invention and within
the scope and range of equivalents of the claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereot will be best understood from the follow-
ing description of specific embodiments when read 1n con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a fragmentary, diagrammatic, cross-sectional
view of a first embodiment of a semiconductor component
constructed according to the mvention; and

FIG. 2 1s a view similar to FIG. 1 of a second embodiment
of a semiconductor component according to the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the figures of the drawings in detail and
first, particularly, to FIG. 1 thercot, there 1s seen a structure
according to the invention which includes a p~-type standard
substrate 1 as a starting material that 1s covered by a plurality
of layers in which a plurality of n-doped wells 10 1is
produced 1n a surface of a layer structure. One of the wells
10 1s shown at a left-hand edge and one of the wells 10 1s
shown at a right-hand edge 1n each of FIGS. 1 and 2. The
wells serve to accommodate individual semiconductor
switch elements, which are indicated as DMOS transistors in
FIG. 1 and FIG. 2. In this case, a first diffusion of the DMOS
transistor, which 1s p-doped and defines a channel of the
DMOS transistor, 1s designated by reference numeral 12, a
second diffusion of the DMOS transistor, which 1s n™-doped
and acts as a source connection, 1s designated by reference
numeral 13 and a gate electrode of the DMOS transistor 1s
designated by reference numeral 14.

During operation of the DMOS transistor, a situation may
arise 1n which the source electrode 1s at ground potential and
the drain connection of the DMOS transistor 1s at negative
potential. The result of this, as described above, 1s that
clectrons as minority carriers drift from the drain connection
into the substrate, particularly 1f the substrate 1s at ground
potential, as 1s shown 1in FIGS. 1 and 2.

the embodiment of the semi-
conductor switch according to the invention as shown 1n
FIG. 1, the p~-doped substrate 1 1s covered over its entire
arca Wlth a substrate supplementary layer or p*-type diffu-
sion 2. The thickness of the substrate 1 1s normally 500 um,
and that of the p™-type diffusion 2 is preferably from 10 to
20 um.

At least one spacer layer 3 1s applied to the p™-type
diffusion 2, 1n particular as an epitaxial layer which 1is
- coped and has a doping that 1s thus less than that of the
pT-type diffusion 2. The p™-type diffusion 2 serves to pro-
duce a doping gradient with the p-type epitaxial layer 3. As

During the fabrication of
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a result, (minority) charge carriers which are injected from
onc of the n-doped wells are prevented from penetrating
more deeply mnto the p™-type substrate and being distributed
over a large region, where they may then be extracted with
difficulty.

Instead of an epitaxial layer 3 having a small thickness, it
1s also possible to provide two epitaxial layers 3 and 4 or an
epitaxial layer 3 having a larger thickness, 1t this i1s required
by the dielectric strength of the components. The use of a
plurality of epitaxial layers increases the distance, which 1s
necessary for a higher dielectric strength, from the layers at
the surface of the semiconductor component and thus pre-
vents a breakdown at lower voltages. FIG. 1 1llustrates two
epitaxial layers 3 and 4 separated from one another by a
broken line. Their thickness depends on the desired dielec-
tric strength of the component.

A buried layer 5 1s situated on the epitaxial layer 3 or 4
and 1s raised up to a surface 15 of the semiconductor. The
buried layer 5 is n"-doped and is thus more highly doped
than the well 10. The buried layer 5 forms an edge layer of
the well 10 at the surface 15 of the semiconductor and
delimits the well with respect to the substrate at the bottom
and with respect to an n-doped surface layer 11 at the surface
15 of the semiconductor. The surface layers 15, which are
n-doped like the wells, are produced during the fabrication
of the wells at the surface 15 of the semiconductor.

According to the 1nvention, a side wall 6 1s produced 1n
the surface layer 11 and 1n the epitaxial layer or plurality of
epitaxial layers 3 and 4 as part of an isulating well having
the same conductivity type as the substrate 1. This 1is
preferably carried out by diffusion, although production by
implantation 1s possible. The doping of the side wall is
preferably high, so that the region 6 in FIG. 1 and FIG. 2 1s
designated by reference symbol p+. The side wall 6 thus has
a comparable doping to the p*-type diffusion in the 1llus-
trated embodiment. The depth of the side wall 6 1n the
semiconductor depends on the distance between the p™-type
diffusion 2 and the surface 15 of the semiconductor, which
1s given by the desired dielectric strength of the component.
In the case of a relatively low dielectric strength, that 1s to
say up to approximately 30 V, a lower first insulator diffu-
sion 7 1n the vertically disposed p™-type region 6 can be
extended by further outdiffusion into the horizontally dis-
posed p*-type region 2. In the case of relatively high
dielectric strengths, that 1s to say above approximately 60 V,
a second masked insulator diffusion 8 must be provided
between the first insulator diffusion 7 and a third insulator
diffusion 9 at the surface 15, in order to ensure a necessary
extent of the vertically disposed p™-type side wall 6 as far as
the p™-type diffusion 2.

Thus, 1n the case of the semiconductor according to FIG.
1 with the epitaxial layers 3 and 4, a side wall 6 with three
layers 7, 8 and 9 1s necessary 1n order to establish the
connection between the surface 15 and the p™-type diffusion
2. The first insulator diffusion 7 1s produced 1n conjunction
with the first epitaxial layer 3, the second 1nsulator diffusion
8 15 produced 1n con]unctlon w1th the second epitaxial layer
4 and the third insulator diffusion 9 1s produced 1n conjunc-
tion with the surface layer 11 during the fabrication of the
wells 10. During the diffusion of the mndividual layers 7, 8,
9 of the side wall 6, boundaries of the individual layers in the
side wall 6 are shifted, so that they are not 1llustrated at the
same level as the adjacent layers.

The side wall 6 runs into the p™-type diffusion 2, with the
result that the wells 10 and their surroundings are hermeti-
cally shielded from one another and no parallel-path or cross
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current can be 1njected 1nto the substrate 1 from one of these
wells 10, nor can one of these wells 10 be mtertered with by
a parallel-path current in the substrate 1.

Thus, due to the doping conditions, 1n the case of the
structure according to the mvention, the current flowing 1n
the event of negative potential at the first well will not flow
away 1nto the substrate but rather into the body region of the
DMOS ftransistor, since there 1s a smaller pn threshold to
overcome there than 1n the direction of the substrate.

Further charge carriers which pass into the p™-type region

2 and/or 6 are dissipated to ground, as is illustrated m FIG.
1 and FIG. 2.

FIG. 2 shows a further embodiment of the structure
according to the invention, which ditfers from the embodi-
ment according to FIG. 1 by the fact that a (horizontal)
pT-type or p -type diffusion 2 is disposed only under the
further n-type wells 10 which are jeopardized by parallel-
path current. In contrast, 1n the case of the embodiment
according to FIG. 1, the substrate 1 1s covered over its entire
arca with a p*-type diffusion. This structure according to
FIG. 2 1s achieved through the use of a masked diffusion of
the horizontal p*-type or p-type region 2. This makes 1t
possible to protect just a few wells selectively against
parallel-path currents in the substrate.

In this embodiment of the mvention, 1t 1s not absolutely
necessary for the diffusion 2 to be highly doped. It is
advantageous, however, 1f the diffusion has a higher degree
of doping than the p~-type substrate. Due to the drift field
between the p~-type substrate 1 and the p-type region 2
under the n-type well 10, the p-type region 2 takes up far
fewer minority carriers than without p-type diffusion.

Since, morcover, the wells 10 often only see small
voltages, below approximately 20 V 1 multiple low-side
switches, for example, the vertical extent of the p~-type
region 3 or regions 3 and 4 in FIG. 1 between the n*-doped
buried layer § and the horizontal p*-type region 2 can be
made very small or the p™-type region can be dispensed with
altogether. Therefore, the epitaxial layers 3 and 4 between
the n™-doped buried layer 5 and the p™-type region 6, as were
provided 1n the embodiment according to FIG. 1 for the
purpose of producing a drift field for confining minority
carriers to upper layers of the semiconductor, are no longer
illustrated in the embodiment according to FIG. 2.

The other elements 1n FIG. 2 which have the same
reference symbols as 1n FIG. 1 have the functions already

explained 1n connection with the embodiment according to
FIG. 1.

In order to complete the power 1C, that 1s to say in order
to fabricate the structures of the DMOS transistors in the
individual wells 10, the above-mentioned steps of the
method according to the invention may subsequently be
followed by performance of a corresponding standard BCD
process (Bipolar/CMOS/DMOS technology) beginning with
lower 1nsulation diffusion or the buried layer diffusion.

The 1nvention thus provides a device which avoids
parallel-path or cross currents in a reliable manner and at
low cost.
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I claim:
1. A semiconductor component, comprising:

a substrate having a first conductivity type and a surface;

a plurality of separate wells of a second conductivity type
with a more highly doped edge layer of the second
conductivity type disposed at said surface of said
substrate and i1solated from one other by pn junctions;

an shielding well of the first conductivity type completely
surrounding at least one of said separate wells and
having a higher doping than said substrate;

a substrate supplementary layer on said substrate;

a side wall between said substrate supplementary layer
and said surface of said substrate; and

a spacer layer of the first conductivity type disposed
between said substrate supplementary layer and said
edge layer, said spacer layer being more weakly doped
than said substrate supplementary layer and said side
wall of said shielding well.

2. The semiconductor component according to claim 1,

wherein said spacer layer includes two partial layers.

3. A method for fabricating a semiconductor component,

which comprises:

providing a substrate having a first conductivity type and
a surface;

producing a plurality of separate wells at the surface of the
substrate, the separate wells having a second conduc-
fivity type and a more highly doped edge layer of the
second conductivity type;

producing connection and control electrodes 1n the sepa-
rate wells for fabricating component structures;

producing an shielding well around at least one of the
separate wells, the shielding well having the first con-
ductivity type and a doping higher than the substrate;
and

producing a spacer layer of the first conductivity type
between the shielding well and the edge layer, the
spacer layer being more weakly doped than the shield-
ing well.

4. The method according to claim 3, which comprises
carrying out the step of producing the shielding well by
producing a substrate supplementary layer on the substrate
and producing a vertical side wall contiguous with the
substrate supplementary layer between the separate wells.

5. A semiconductor component, comprising:

a substrate having a first conductivity type and a surface;

a plurality of separate wells of a second conductivity type
with a more highly doped edge layer of the second
conductivity type disposed at said surface of said
substrate and i1solated from one other by pn junctions;

an shielding well of the first conductivity type completely
surrounding at least one of said separate wells and
having a higher doping than said substrate; and

a spacer layer of the first conductivity type located
between said shielding well and said at least one of said

plurality of separate wells, said spacer layer having a
lower doping than said shielding well.

G o e = x
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